comorbidity has biological roots; not only are many disorders comorbid in patients, they are also co-transmitted in families.
New data about comorbidity in ADHD
In this issue of the Journal, Larsson and colleagues continue this line of research. They present compelling evidence that ADHD shares genetic risk factors with both bipolar disorder and schizophrenia. 1 A genetic association between schizophrenia and bipolar disorder has long been suspected and was recently confirmed with genome-wide association data. 2 Hamshere et al now provide genome-wide association data suggesting that schizophrenia and ADHD share many common genetic variants. 3 A genetic association between ADHD and bipolar disorder had been hypothesised over a decade ago and a familial link between the disorders was recently confirmed with meta-analysis. 4 These data imply that ADHD should show a familial or genetic link to bipolar disorder, but these new data are the first to place that hypothesis on firm empirical ground.
Will these results influence clinical practice? I hope so. To begin with, the diagnosis of bipolar disorder among youth has been controversial, particularly among youth with ADHD. Family studies address such controversies because they can show associations between diagnoses at different developmental stages in the same family. Because the diagnosis of ADHD is not controversial in youth and the diagnosis of bipolar disorder is not controversial in adults, showing a familial link between ADHD in youth and parental bipolar disorder cannot be criticised for loose diagnoses of bipolar disorder in children. This transgenerational validation of the association between the two disorders thus strengthens the hypothesis that the two disorders co-occur in youth as they do in adults.
A recent meta-analysis provided insight into this issue. identical relative risks suggest that the familial link between ADHD and bipolar disorder cannot be accounted for by misdiagnosing youth with ADHD as having bipolar disorder. Such data help clinicians understand the validity of diagnosing bipolar disorder among youth with ADHD when the formulation of both diagnoses adheres strictly to diagnostic criteria. Because ADHD comorbid with bipolar disorder is a highly disabling condition, missing the diagnosis of bipolar disorder in a child with ADHD will have deleterious consequences, which might have been avoided given the availability of treatments for bipolar disorder in children. Larsson 
Towards dimensional measures of psychopathology
Larsson et al's data also provide a statistically powerful test of the hypothesis that ADHD plus bipolar disorder is a familial syndrome distinct from either ADHD or bipolar disorder when they occur alone. By finding an association between ADHD in the absence of bipolar disorder and bipolar disorder in the absence of ADHD, Larsson et al have refuted findings from several large family studies that found the two disorders to be co-transmitted within families (e.g. Biederman et al 6 ). Although more work is needed to clarify these discrepant results, the work of Larsson et al confirms a larger body of work suggesting that, in contrast to the DSM/ICD, it may be best to think of psychopathology in dimensional rather than categorical terms.
A good deal of data support the idea that psychopathology, and its underlying aetiology, are better described by dimensional rather than categorical constructs. In 1967, Gottesman & Shields 7 proposed a polygenic theory of schizophrenia that has since been confirmed with molecular genetic data showing not only that the aetiology of schizophrenia has a substantial polygenic component, but also that this polygenic aetiology overlaps with the aetiology of bipolar disorder. 2 The DSM/ICD paradigm deals with the dimensional nature of psychopathology by creating new categories that are mild versions of existing categories (e.g. schizophrenia and schizotypal personality disorder; major depression and dysthymia). If Larsson et al are correct, ADHD and bipolar disorder may fall on a genetic continuum of severity, with patients with ADHD but not bipolar disorder being at the mild end, patients with bipolar disorder but not ADHD having greater severity and patients with both ADHD and bipolar disorder having the greatest severity.
Other lines of evidence support the hypothesis that a dimensional perspective on ADHD is valid. Many studies have found an excellent correspondence between quantitative measures of ADHD and categorical diagnoses. These studies show that children with ADHD are at one extreme of a quantitative dimension and that, on this quantitative dimension, there is no obvious bimodality that separates children with ADHD from others. Moreover, people with symptoms of ADHD that do not exceed diagnostic thresholds show patterns of comorbidity, familial transmission and cortical thinning that suggest they have a mild form of ADHD. 8, 9 Dimensional measures of ADHD are highly heritable, about 70-90%, which is similar to the heritability of the ADHD diagnosis (e.g. Sherman et al 10 ). And mathematical modelling of twin studies concludes that ADHD is best viewed as the extreme of a behaviour that varies throughout the entire population (e.g. Gjone et al 11 ). Despite these considerations favouring a dimensional model of ADHD, the true underlying architecture of its aetiology may be more complex. Rare cases of ADHD are due to gross abnormalities of chromosomes. 12 We do not know whether the smaller deletions and duplications known as copy number variants also mark categorical cases. For most patients with ADHD, available data reject the idea that all these cases are caused by the exact same pattern of genetic mutations and adverse environmental exposures. Instead, there are likely to be several aetiological profiles of ADHD, which may correspond to varying degrees of compromise in the neural networks that underlie the disorder.
Unravelling such complexities leaves a difficult task for ADHD researchers. Although hi-tech developments in neuroscience and molecular genetics may be up to that task, Larsson et al's work reminds us that the low-tech tools of genetic epidemiology still play a key role in our quest to understand the aetiology of ADHD and its links to other disorders. 
